This study evaluated bioactive components and antioxidant properties of malted millet, soy residue "okara" and wheat flour. The flour extracts were screened for phenolic content, flavonoid content and total antioxidant capacity using standard methods. The antioxidant activities of the studied flours to scavenge 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, reduce iron (111) chloride and inhibit lipid peroxidation and nitric oxide (NO) were determined spectrophotometrically and the effective concentration (IC 50 ) of the extract required to inhibit DPPH, lipid peroxidation and nitric oxide radical formation by 50% was obtained using linear regression analysis. Results indicated that okara flour had a significantly (p < .05) highest flavonoid content following this trend: Okara flour (48.42mg/100g) > malted millet flour (34.73mg/100g) > wheat flour (19.02mg/100g). Malted millet flour showed significantly (p < .05) highest phenol content (38.36mg/ 100g) >okara flour (26.26mg/100g)> wheat flour (21.17mg/100g). In all these assays studied, the reference antioxidant (ascorbic acid) exhibited lowest IC 50 values, while among the flour extracts, wheat flour displayed significantly (p < .05) lowest IC 50 value in DPPH and nitric oxide radical assays. The lipid peroxidation assay showed that malted millet exhibited significantly (p < .05) lowest IC 50 value (50.19µg/ml) indicating that malted millet demonstrated highest anti-lipid peroxidative functions. The methanolic extract of the studied flours exhibited potent antioxidant activities that increased with increasing amount of extract concentration and this validates their potential use in functional food application.
Introduction
Plant food materials possess bioactive compound such as carotenoids, phenolics flavonoids, and anthocyanins that exhibited their antioxidant properties through scavenging of free radicals. [1, 2] These bioactive compounds are essential to human health because they exhibit several physiological activities such as antioxidant, anticarcinogenic and antimicrobial properties. Natural antioxidants such as flavonoids, tocopherols, and phenolic acids may inhibit lipid peroxidation in food and provide protection against oxidative damage from free radicals. [3] Antioxidants are substances which protect cells against the damaging effects of reactive oxygen species (ROS) otherwise called, free radicals. [4] Free radicals are highly reactive chemical substances such as superoxide, hydroxyl radical, singlet oxygen, etc., that are capable of attacking healthy cells of the body thereby causing cellular damage on protein, nucleic acid, and lipid. [5] Epidemiological studies have established the mode of action of antioxidants to include scavenging of reactive oxygen (ROS) and nitrogen species (RNS), inhibition of the formation of ROS and RNS as well as the removal or repair of ROS and RNS induced damage, etc. [6] Antioxidant compounds like phenolic acids, polyphenols, and flavonoids scavenge free radicals such as peroxide, hydroperoxide or lipid peroxyl and thus inhibit the oxidative mechanisms that lead to degenerative diseases. [7] It has been scientifically accepted that the reactive oxygen species and free radicals generated during cellular metabolism or peroxidation of lipids and other biological molecules play important roles in the pathogenesis of chronic diseases such as coronary heart disease and cancer. Studies have shown that dietary antioxidants play an inhibitory role of combating the reactive oxygen species and free radicals thereby reducing the risk of these chronic diseases. Millets (Pennisetum glaucum) are small-seeded grains with different varieties belonging to the Poaceae (Gramineae) family and one of the most drought-resistant grains grown in over 40 countries predominantly in Africa and Asia as a staple food grain and source of feed and fodder, fuel and construction material. [8, 9] There are four major types of millet which include Pearl millet (Pennisetum glaucum), Foxtail millet (Setaria italica), Proso millet or white millet (Panicum miliaceum), and Finger Millet (Eleusine coracana). [10] According to [11] , the current global production statistics was 32 million tonnes, with India being the top producing countries, followed by Nigeria. This made it the sixth most important agricultural cereal crop annually cultivated as rain fed crop in arid and semi-arid areas of Africa and Indian subcontinent. [12] Pearl millet (Pennisetum glaucum) produces the largest seeds and it is the variety most commonly used for human consumption [13] It is an excellent antioxidant source, which can scavenge the free radicals and have reducing capabilities. [14, 15] It is consumed as staple food in many homes, especially among the low-income populace predominantly in Northern Nigeria and some parts of West Africa countries such as Niger, Mali, and Burkina Faso. [9] Nutritionally, millet is a rich energy source, fiber, B-vitamin and some micronutrients such as potassium, phosphorus, copper, magnesium, zinc, iron and manganese. [16] Additionally, it contains several physiological functional components such as phytochemicals, which include dietary fiber and polyphenol compounds and antioxidants required for human health. [17, 18] Extensive researches have shown that polyphenol compounds possess certain health-promoting properties such as prevention and reducing the incidence of degenerative diseases which, include cancer and cardiovascular diseases. [19] Reports have also shown that there are several potential health benefits such as prevention of cancer and cardiovascular diseases, reduction of tumor incidence, lowering of blood pressure, etc., are found with consumption of millets and has contributed to its use in nutraceutical and functional food applications. [8, 20, 21] However, the presence of various antinutrients such as phytic acids, tannin, poor digestibility of the protein and carbohydrates had been reported to have greatly limited its industrial food uses. Malting of millet has been reported to increase protein digestibility, solubility of starch and in vitro and bio accessibility of minerals such as calcium, iron, and zinc with significant reduction in phytic acid contents [22 , 23 , 24] In these recent times, food processing by-products has been given considerable attention as a result of their functionality and potential as functional ingredients. It has been documented that these food processing wastes contain some physiological compounds such as dietary fiber, proteins, polysaccharides, antioxidants, phytochemicals that promote physiological health effects. [25] Okara or soy residue is a low-value by product of soybean (Glycine max) obtained from tofu or soymilk processing, representing about 55% of total soybean. Soybean (Glycine max) has also been documented to possess certain physiological effects including cholesterol-lowering effect, anticarcinogenic effect, which was basically attributed to the antioxidant activity of the isoflavones. [26] Okara has a high nutritive value due to its high quality protein, fat, carbohydrates, and dietary fiber. It contains isoflavones a class of phytoestrogens phytochemical, with high antioxidant and estrogenic activity that are also found in whole soybeans and other soy products. [26, 27] Okara was considered as having little market value and was used as animal feed or as agro waste but very rich in dietary fiber and soy protein, which could be incorporated in functional food application due to its antioxidant potentials, hence this study.
Wheat (Triticum aestivum L) is the most extensively grown cereal crop in the world, covering about 237 million hectares annually, and accounting for a total of 420 million tonnes. [28] Wheat flour contains essential nutrients such as carbohydrate, minerals, fats, and proteins. It is an important crop of choice used basically in the production of bread and baked products such as cakes, biscuits and other confectioneries. It has very high levels of a class of proteins known as gluten (8 -14%). To this end, this study is aimed at determining the bioactive components and antioxidant properties of soy residue (okara) and malted millet as well as wheat flour for possible utilization in functional food applications.
Materials and methods

Chemicals
All organic solvents and chemicals used in this study were of analytical grade from Sigma, Poole, UK and BDH Laboratory Supplies, UK. All other reagents were of analytical grade.
Source of raw materials
The Wheat Flour (Triticum aestivum) used was commercial baker's grade wheat flour milled by Nigeria Flour Mills (Market brand), Soybean (Glycine max) TGX 15 variety, millet (Pennisetum glaucum) were purchased from a local market in Lagos.
Millet flour preparation
Malting of millet was carried out according to the procedure described by [29] with necessary modifications. Millet grains (Pennisetum glaucum) were sorted, washed and steeped in tap water (1:3, w/v) for 24 h at room temperature. The water was changed after every 6-h interval to avoid fermentation. The steeped grains were spread on perforated trays lined with muslin cloth and germinated at 34 ± 2ºC for 24 h. It was moistened and allowed to sprout for 48 h. The sprouted grains were washed and then spread uniformly on a stainless steel tray and dried in a cabinet dryer (Mitchell Dryers Ltd. Denton Holmes Carlisle, CA2 SDU, England) maintained at 60°C for 5-6 h. The dried malts were cleaned to remove the vegetative parts (rootlets and shoots). The grains were thereafter milled in a disc attrition mill to obtain fine-malted flour which were packaged in an air tight polyethylene film for further analyses.
Preparation of soybean residue (okara) flour
The soybean seeds (Glycine max), TGX 15 variety were sorted, cleaned and washed by floatation to remove all the foreign materials, damaged grains and debris. The cleaned beans were blanched in hot water for 30 min at 100°C and dehulled. The dehulled cotyledons were washed with hot (100°C) water twice and wet milled using 5 l of water to 1 kg of beans. The slurry obtained was mixed and filtered through a muslin cloth to remove the milk and recover the pulpy residue called okara. The fresh pulpy okara was dried using cabinet dryer (Mitchell Dryers Ltd. Denton Holmes Carlisle, CA2 SDU, England) at a temperature of 60°C for 12 h. The dried okara was milled in a disc attrition mill to obtain the flour and sieved through 0.25 mm pore sized sieve. Okara flour was then packaged hermetically in polyethylene film for further analyses.
Preparation of sample extracts
The flour sample (15 g) was weighed into a beaker containing 200 ml of methanol, placed and shaken in a mechanical shaker for 24 h. After shaking, it was then filtered and evaporated to dryness under reduced pressure in a rotary evaporator. The concentrated extract was re-dissolved with methanol to a concentration of 10 mg/ml and stored in the refrigerator until analysis. All the analyses were carried out in triplicates. The extraction yield (%) was calculated as follows:
Extractionyield % ð Þ¼ amount ðgÞ of dried crude extract obtained amount ðgÞ of finely grounded plant material used X 100
Antioxidant components assay
Estimation of total phenolic content The amount of total phenol content was determined by Folin-Ciocalteau colorimetric method [30] using gallic acid as a standard following the method as described by. [31] A 0.5 ml sample of extract and 0.1 ml of Folin-Ciocalteu reagent (0.5 N) were mixed and incubated at room temperature for 15 min. After this, 2.5 ml sodium carbonate solution (7.5% w/v) was added and further incubated for 30 min at room temperature. The absorbance of the solution was measured on a UV-visible spectrophotometer (Milton Roy Spectronic 601, USA) at 760 nm. The concentration of total phenol was expressed as gallic acid equivalent (GAE) (mg/g of dry mass) which is a commonly used reference value.
Total flavonoid content estimation
Total soluble flavonoid of the extract was determined using aluminum chloride colorimetric method using ascorbic acid as standard. [32] 1 ml of sample solution (100μg/ml) was mixed with 3 ml of methanol, 0.2 ml of 10% Aluminum chloride, 0.2 ml of 1 M potassium acetate and 5.6 ml of distilled water. The resulting mixture was incubated at room temperature for 30 min and the absorbance of the reaction mixture was measured on a UV-visible spectrophotometer (Milton Roy Spectronic 601, USA) at 415 nm. The calibration curve was prepared by preparing ascorbic acid solutions at various concentrations in methanol.
Total antioxidant capacity determination
The total antioxidant capacity of the extracts was determined using the method of Prieto et al. [33] A sample of the extract (0.3 ml) was mixed with 3 ml of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were capped and incubated in a boiling water bath at 95°C for 90 min. After the samples had cooled to room temperature, the absorbance of the aqueous solution of each was measured at 695 nm. The total antioxidant capacity was expressed as equivalent of ascorbic acid.
DPPH radical scavenging activity assay
The free-radical scavenging activity of the extract was determined spectrophotometrically. The ability of a compound to decolorize DPPH free radical signifies the radical scavenging activity of the tested compound. This assay was based on the scavenging of the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical which was estimated according to the procedure described by [34 , 35] An aliquot of 0.5 ml of sample extract in ethanol (95%) at different concentrations (20, 40, 60, 80, 100μg/ml) was mixed with 2.0 ml of reagent solution (0.004 g of DPPH in 100 ml methanol). The control contained only DPPH solution in place of the sample while methanol was used as the blank. The mixture was vigorously shaken and left to stand at room temperature. After 30 min the decrease in absorbance of test mixture (due to quenching of DPPH free radicals) was read at 517 nm on a UV-visible spectrophotometer (Milton Roy Spectronic 601, USA). The scavenging effect was calculated using the expression:
where A 0 is the absorption of the blank sample and A 1 is the absorption of the extract Ascorbic acid was used as standard. Effective concentration (IC 50 ) is defined as concentration of sample required to scavenge DPPH radical by 50%. This was obtained by linear regression analysis. The higher the antioxidant activity, the lower is the value of IC 50 .
Reducing power assay
The ability of methanolic extracts to reduce iron (III) to iron (II) was assessed by the method of. [36] The dried extract (20-100 μg) in 1 ml of the corresponding solvent was mixed with 2.5 ml of phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of potassium ferricyanide (K3Fe(CN) 6 ; 10 g/l), and then the mixture was incubated at 50°C for 30 min. After incubation, 2.5 ml of TCA (100 g/l) was added and the mixture was centrifuged at 1650 rpm for 10 min. Finally, 2.5 ml of the supernatant solution were mixed with 2.5 ml of distilled water and 0.5 ml of FeCl3 (1 g/l) and the absorbance was measured at 700 nm on a UV-visible spectrophotometer (Milton Roy Spectronic 601, USA). High absorbance indicates high reducing power.
In vitro lipid peroxidation assay Lipid peroxidation was induced by Fe2+−ascorbate system in liver homogenate and estimated as thiobarbituric acid reacting substances (TBARS) by the method of [37] as described by. [35] Freshly excised rat liver was sliced and processed to obtain 10% homogenate in cold 150 mMKCl−Tris−HCl buffer. The reaction mixture contained liver homogenate, Tris−HCl buffer (20 mM pH 7.0), FeCl2 (2 mM), ascorbic acid (10 mM), and 0.5 ml plant extract (25 − 100 µg/ml) in a final volume of 1 ml. The reaction mixture was incubated at 37°C for 1 h. Lipid peroxidation was measured as malondialdehyde (MDA) equivalent using trichloroacetic acid (TCA), thiobarbituric acid (TBA) and HCl (TBA-TCA reagent: 0.375% w/v TBA; 15% w/v TCA and 0.25 N HCl). The incubated reaction mixture was mixed with 2 mL of TBA-TCA reagent and heated in a boiling water bath for 15 min. After cooling, the flocculent precipitate was removed by centrifugation at 10,000 g for 5 min. Finally, malondialdehyde concentration in the supernatant fraction was determined spectrophotometrically at 535 nm. The concentrations of extract that would cause 50% inhibition of the production of thiobarbituric acid reactive substances (IC 50 values) were calculated. Ascorbic acid was used as standard. Inhibition of lipid peroxidation (%) by the extract was calculated using the formula
Where C = absorbance value of the fully oxidized control. E = absorbance in the presence of extract as (A 535 + TBA) -(A 535 -TBA).
Nitric oxide scavenging activity assay
The compound sodium nitroprusside is known to decompose in aqueous solution at physiological pH (7.2) producing nitric ions (NO•). Under aerobic condition, NO• reacts with oxygen to produce stable products (nitrate and nitrite), which can be determined using Griess reagent. The absorbance of the chromophore that formed during diazotization of the nitrite with sulfanilamide and subsequent coupling with Naphthylethylene diamine dihydrochloride can be immediately read at 550 nm. Four-milliliter sample of flour extract or standard solution of different concentrations (20, 40, 60 , 80, 100 μg/ml) were taken in different test tubes and 1 ml of Sodium nitroprusside (5 Mm in phosphate buffered saline) solution was added into the test tubes. They were incubated for 2 h at 30°C to complete the reaction. A 2 ml sample was withdrawn from the mixture and mixed with 1.2 ml of Griess reagent (1% Sulfanilamide, 0.1% naphthylethylene diamine dihydrochloride in 2% H 3 PO4). The absorbance of the chromophore formed during diazotization of nitrite with sulfanilamide and its subsequent coupling with napthylethylenediamine was measured at 550 nm on a UV-visible spectrophotometer (Milton Roy Spectronic 601, USA) as modified by. [38] Ascorbic acid was used as standard and inhibition of nitric oxide radical was calculated using the expression:.
where A 0 is the absorbance of the Control and A 1 is the absorbance of the extract or standard.
Statistical analysis
Analyses were performed in triplicates. The results are presented as mean ± standard deviation and data were subjected to one-Way analysis of variance (ANOVA) using IBM SPSS Statistics Version 20. Means were separated using Duncan's New Multiple Range Test and significance was accepted at p < .05 and IC 50 values were calculated using linear regression analysis on MS Excel 2010.
Results and discussions
Antioxidants are known as reducing agents that terminate the chain reaction through removing free radical intermediates and inhibit excessive oxidation reactions. [39] Antioxidants offer resistance against oxidative stress by scavenging the free radicals, inhibiting the lipid peroxidation and by many other mechanisms and thus prevent the disease initiation and progression.
Extraction yield
The extraction yields of the methanolic extracts of the flours were: wheat flour (30.4%), malted millet (29.73%) and okara flour (38.33%). The variations in yield from methanolic extracts of wheat, malted millet, and okara flour might be explained by the polarity of extracted component, solubility of endogenous compounds present in extracted materials, sample particle size and greater amount of extractable material present [40, 41] The result obtained by wheat and malted millet flours was similar to the findings of [42] who reported extraction yield of apricot varieties extracted with 70% methanol. The antioxidant components of the functional flour are depicted in Figure 1 . Results showed that okara flour had a significantly (p < .05) highest flavonoid content (48.42mg/100g), followed by malted millet flour (34.73mg/100g), and wheat flour had the least value (19.02mg/100g). Malted millet flour showed a significantly (p < .05) highest (TPC) phenol content (38.36mg/100g) than malted millet flour (26.26mg/100g) and wheat flour had the least value (21.17mg/100g). The significant highest total phenol content of malted millet flour might probably be due to hydrolysis of condensed procyanidins that occurred during the malting process. [43] The obtained result in this study is in line with the findings of. [29] The total antioxidant capacities of plant food are from the cumulative capacity of all the food bioactive components like flavonoids, vitamin C, and other phenolic contents and their optimized interactions to scavenge free radicals. [44] The mean total antioxidant capacity of okara, malted millet and wheat flours differ significantly (p < .05) in the order: malted millet flour>okara flour > wheat flour at 49.37 ± 0.47, 41.49 ± 0.94 and 15.12 ± 0.25 mg/100g, respectively (Figure 1 ). This shows that malted millet flour contain significantly highest total antioxidant capacity than other flours.
The antioxidant activities of phenolic compounds and flavonoids in biological systems have already been established based on their abilities to act as scavengers of singlet oxygen and free radicals. [45] Polyphenols are the biggest group of phytochemicals that have been found in plant-based foods and have been linked to several health benefits. Flavonoids are antioxidants and free radical scavengers which prevent oxidative cell damage and have strong anticancer activity. [46] Phenolic compounds have health benefits as they improve human health against diabetes, cardiovascular diseases, and associated diseases because of their high antioxidant properties. [47] They are also radical scavengers with the ability to exhibit inhibitory effects on mutagenesis and carcinogenesis of various nuero-degenerative diseases and cancers in humans. [48] In addition, they possess antioxidant, antidiabetic, antimicrobial and neuroprotective activities. This study presented okara as having highest flavonoid content than other flour samples and this might probably be attributed to its significant isoflavone concentration as reported by. [49] Isoflavones are biologically active compounds occurring naturally in a variety of plants, with relatively high levels found in soybeans. This study is similar to the findings of [44] who studied the antioxidant capacity of pumpkin or beet to be greater than those of onion, tomato and broccoli or carrot.
Antioxidant capacity of plant materials is determined by a mixture of different antioxidant assays having different mechanisms, synergistic interactions and bioavailability of different types of polyphenols present and above all, no single assay is conclusively applicable to all of them. [19] Therefore, it is necessary to combine more than one method in order to determine in vitro the antioxidant properties of food materials. In this study, the antioxidant activities of the flours were measured through different assays: DPPH, reducing power, lipid peroxidation inhibitory and nitric oxide radical scavenging activity. The DPPH method is commonly used for determination of free radical scavenging activity of antioxidant. [50] DPPH (1,1-diphenyl-2-picrylhydrazyl) is a very stable organic free radical and presents the ability of accepting an electron or hydrogen radical. The ability of a compound to decolorize DPPH free radical signifies the radical scavenging activity of the tested compound. The capacity of wheat, malted millet, and okara flour extracts to scavenge the stable DPPH radical is shown in Figure 2 . The standard which was gallic acid and the flour extracts differed significantly (p < .05) within each other. Wheat flour extract exhibited highest DPPH free radical scavenging activity (87.08%), followed by malted millet flour (83.50%) and least activity in okara flour (81.21%). The extracts showed a concentration dependent inhibition of the DPPH radicals and highest scavenging activity was observed in gallic acid. The percentage inhibition increases as the concentration increased from 20 to 100µg/ml. The greatest activity was obtained at a higher concentration of 100µg/ml in the flour extracts. This study is in agreement with the findings of [50] who reported that radical scavenging activity increased with increasing percentage of the free radical inhibition. The results obtained indicated that the flour extracts are capable of scavenging the free radicals and prevent the initiation of free radicals by stabilizing them to participate in any deleterious reactions. A stronger radical quenching agent generally resulted in a lower IC 50 value. In the same vein, the ability of methanolic extracts of the flours to reduce iron (III) to iron (II) is depicted in Table 1 . Significant reduction (p < .05) was observed in the reducing power of the flour extracts when compared with the reference ascorbic acid. The reducing power of the flour extracts at 100µg/ml concentration ranged between 0.63% and 0.25% with maximum reducing power obtained in the reference antioxidant-ascorbic acid (0.63%), followed by okara and wheat flour extracts having 0.28% while malted millet flour extract recorded the minimum reducing power (0.25%). At the highest concentration (100µg/ml) of the sample extracts, SYF (0.28%) and WHF (0.28%) were not significantly different (p > .05) but differed significantly with MMF (0.25%). High absorbance indicated high reducing power. In this assay, the presence of reductant (i.e., antioxidants) causes the reduction of the Fe 3+ /ferricyanide complex to the ferrous form (Fe 2+ ). The reducing power is associated with antioxidant activity and may serve as a significant reflection of the antioxidant property [51] , impyling that antioxidants are reducing agents. Obtained results confirmed earlier findings of [2] on reducing power of pepper. Also, [52] reported higher chelating activity on Fe2+ for wheat flours extracts than for buckwheat flours extracts. Some phenolic compounds such as flavonoids and phenolic acids have been reported to exhibit antioxidant activity through their reductive capacity in a Fe3+-Fe2+ system. [53] It was observed that the results followed a trend similar to the DPPH radical scavenging activity of the flour extracts and was compared with known antioxidant ascorbic acid. All the flour extracts displayed a concentration-dependent effect from 20 to 100µg/ml, and maximum percentage inhibition recorded at 100µg/ml. The total antioxidant potential of a food can be determined by its capacity to prevent lipid peroxidation in an in vitro system. The lipid peroxidation inhibition of the flour extracts was shown in Figure 3 . The flour extracts significantly reduced the accumulation of lipid peroxides in a concentration-dependent manner. Ascorbic acid was used as a reference antioxidant and the percentage inhibition increases as the concentration increased from 20 to 100µg/ml. At 100µg/ml concentration, there was a significant difference (p < .05) in all the samples, though the reference antioxidant showed the highest inhibition (94.97%), followed by malted millet flour (92.82%), okara flour (86.71%) and the least value obtained in wheat flour (84.71%). This result agrees with the report of [54] Oboh and Adefegha (2010) on the inhibition of Fe2+-induced lipid peroxidation by wheat biscuit. Lipid peroxidation is free radical processes involving a source of secondary free radical, which can further act as second messenger or can directly react with other biomolecule, thereby enhancing biochemical lesions. However, antioxidants are important inhibitors of lipid peroxidation not only as a defense mechanism of living cells against oxidative damage but also for food preservation. [55] Figure 4 depicts the scavenging activity of nitric oxide radical by the flour extracts. The percentage inhibition increases as the concentration increased from 20 to 100µg/ml. Ascorbic acid was used as a reference antioxidant and showed 85.94% inhibition at 100µg/ml concentration. The flour extracts showed a concentration-dependent inhibition and maximum percentage inhibition recorded at 100µg/ml concentration. At the highest concentration of the sample extracts, the nitric oxide radical scavenging activity displayed the highest percentage inhibition (85.94%) by reference compound (ascorbic acid), which varied significantly (p < .05) with wheat flour (72.18%) and malted millet flour (71.61%). The least value was recorded by okara flour extract (68.44%). No significant difference (p > .05) was observed between wheat and malted millet flour extracts. Nitric oxide was generated from sodium nitroprusside, which in aqueous solution at physiological pH spontaneously generates nitric oxide which interacts with oxygen to produce nitrite ions. Scavengers of nitric oxide compete with oxygen leading to reduced production of nitric oxide. The result evidenced the inhibitory effect of flour extracts on nitric oxide radical generated from sodium nitroprusside at physiological pH, generated from sodium nitroprusside at physiological pH, which is an indication of its scavenging property. Incubation of solutions of sodium nitroprusside in phosphate buffer saline at 30°C C for 2 h resulted in nitrite production, which is reduced by the tested methanolic extracts of malted millet, wheat flour, and okara in this descending order. This probably might be attributed to the antioxidant activities in the extract, which compete with oxygen to react with nitric oxide thereby inhibiting the generation of nitrite.
The Effective concentration (IC 50 ) of the flour extracts in different antioxidant assays is depicted in Table 2 . IC 50 is defined as the concentration of the extract required to inhibit DPPH, lipid peroxidation and Nitric oxide radical formation by 50%. It is obtained from the % inhibition versus concentration plot of the extract using linear regression analysis. It is a measure of the antioxidant activity of plant materials. The higher the antioxidant activity, the lower is the value of IC 50. Significant difference (p < .05) existed in the IC 50 obtained in DPPH assay of wheat flour extract and other flour extracts studied. The IC 50 values showed that okara, malted millet and wheat flour extracts scavenged 50% DPPH radicals at the respective lowest sample concentrations in the following order: 58.27µg/ml, 54.31µg/ml and 51.26µg/ml while reference standard gallic was found to be 46.78µg/ml. In lipid peroxidation assay, the IC 50 was found to be 54.90, 50.19 and 54.71 µg/ml for the extracts, respectively, and ascorbic acid which is the standard reference antioxidant as 45.75± µg/ml. Interestingly, the IC 50 of malted millet flour extract was the lowest (50.19µg/ml) and differed significantly (p < .05) among the flour extracts indicating that malted millet demonstrated highest anti-lipid peroxidative functions. In nitric oxide (NO) radical assay, the IC 50 values ranged from 71.40µg/ml, 62.60µg/ml and 61.35µg/ml while the reference standard ascorbic acid was 51.66µg/ml. On the overall, wheat flour displayed significant lowest IC 50 values (51.26 and 61.35µg/ml) in DPPH and nitric oxide radical assays, respectively, while on the other hand malted millet flour extract exhibited significant lowest IC 50 value (50.19µg/ml) in lipid peroxidation. The strong antioxidant activities of malted millet, okara and wheat flour could be attributed to their significant polyphenolic and flavonoid contents. 
Conclusion
The results of the study showed that methanolic extract of malted millet, okara and wheat flours possess appreciable amount of bioactive compounds; total phenolic content and total flavonoid content but significantly higher in malted millet and okara flour. Antioxidant activity was measured by DPPH radical scavenging activity, reducing power, lipid peroxidation and nitric oxide radical inhibition. These exhibited potent total antioxidant activity increased with increasing amount of extract concentration compared favorably with the standard (Ascorbic acid) at different concentrations studied and could be attributed to their significant phenolic and flavonoid contents. The outcome of this study revealed that malted millet and okara flours can be considered as food source of natural bioactive compounds with antioxidant properties as was exhibited by their radical scavenging ability. Also, malted millet and okara flours with their antioxidant characteristics as quality criteria, could serve as good dietary source of natural antioxidants and may be considered potential functional ingredients and consequently would contribute to development of valueadded functional food products. In addition, the antioxidant potentials displayed by okara flour could be used to explore its economic valorization.
